Abstract.-Adult CBA mice may be made tolerant of August rat tail skin grafts by short intensive treatments with antilymphocyte serum followed by massive (.100 X 106 cells) injections of August rat lymphoid cells. Prolonged tolerance can be achieved only in thymectomized mice, and is accompanied by lymphoid cell chimerism and the manufacture of rat protein. The rat lymphoid cell donors must be treated beforehand with antirat ALS to avoid complications associated with graft versus host reactions.
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Rejection of rat skin grafts is accompanied by the formation of high titres of antirat hemolysins and lymphocytotoxins, but in "tolerant" mice the rat skin survives in the continual presence of antirat antibodies. Under certain circumstances, however, passive transfusion of high titre mouse antirat serum can precipitate the breakdown of rat skin grafts. It is doubtful if this represents the primary mechanism of rejection. The reaction of normal mice against rat skin is essentially an intensified allograft reaction; it is at all events wholly immunological in character.
Xenografts (heterografts) of rat' or even of human2 skin may survive in mice under continuous treatment with antimouse antilymphocyte serum, but the grafts are rejected soon after the treatment is discontinued. The main purpose of this paper is to define the conditions under which tolerance of rat grafts may be induced in adult mice, so that the grafts survive for months after active immunosuppression has ceased. With two qualifications, the induction of tolerance of rat xenografts conforms to principles already established for allografts.1 3 The qualifications are: (a) the donor lymphoid cells which represent the tolerance conferring antigenic stimulus must be taken from rats which have themselves been treated with (antirat) antilymphocyte serum, to obviate lethal or damaging graft versus host reactions, and (b) thymectomy4 of the recipient, though not essential for allograft tolerance,3 is obligatory if rat grafts on mice are to survive more than a few weeks after the end of antilymphocyte serum treatment.
A subsidiary object of these experiments was to appraise the role of humoral antibodies in the rejection of rat xenografts.
Subjects.-The donors were young August rats known to be homogeneous with respect to allografting, apart from a weak male to female incompatibility.5 The recipients were the Institute subline of CBA/He mice, maintained on a minimal disease regimen, and more reactive towards allografts than conventionally reared mice. Only males were used.
Methods.-Antisera: Antilymphocyte serum (ALS) was raised against rat or mouse thymocytes in New Zealand White rabbits by the method of Levey and Table 3 ).
Titration of antisera: Rabbit antimouse and mouse antirat sera were titrated as lymphocytotoxins and hemolysins by the 51Cr-release method9 as already described.'0 "Natu- confident inference. In allograft systems7' 14 hydrocortisone injections of this dosage are as effective as thymectomy in extending the action of ALS, and recent analysis'4 shows that the two treatments are nonadditive, the combination being no more effective than either one alone. In a xenograft system, experiment HET-9A1 (Table 2 ) raises the possibility that hydrocortisone exercises some additional, perhaps peripheral effect.
Induction of tolerance: In Table 2 , experiment SER-299 and other experiments not cited show that the induction of xenograft tolerance is hardly feasible in non- See Table 4 26 See Fig. 1 thymectomized mice. Moreover the use of low doses of donor lymphoid cells (-20 X 106) as a tolerance conferring antigenic stimulus was virtually ineffective. Both properties distinguish tolerance of xenografts from tolerance of allografts, which is easy to procure in nonthymectomized mice by low doses (5 to 25 X 106) of donor lymphoid cells.3 (The necessity for relatively high tolerance conferring doses in the rat-.omouse combination may simply reflect the occurrence of relatively high titres of "natural" mouse antirat antibodies: see above.) Doses in the region of 200 X 101 donor lymphoid cells can secure long lasting tolerance (experiments SER-328 and HET-14, Table 2 ). Histological analysis of grafts of up to 8 months' standing shows either no cellular reaction, or a sharply localized plasma cell infiltration not associated with the breakdown of graft elements in the neighborhood. The decay of tolerance is marked by the characteristically slow chronic rejection of skin grafts.
Antibodyformation; Chimerism: Analysis of the sera of ostensibly tolerant mice bearing rat skin grafts of 61-240 days' standing revealed low titres of antirat lymphocytotoxins and hemolysins, even when the grafts were almost indistinguishable from normal skin. The titres were higher in mice bearing grafts that had aroused a discernible response ("poor" grafts, Table 3 ). This phenomenon has its parallel in allograft tolerance. 15 Because lymphoid cells within central lymphoid organs are relatively protected from the action of lymphocytotoxic sera,'6,17 the presence of circulating antirat antibodies in tolerant mice does not ipso facto preclude their being chimeras. Serological tests for chimerism were performed at 61 days on two mice of HET-14A that carried "good" grafts and on two others whose grafts were somewhat swollen and hyperaemic. In the latter pair neither spleens nor nodes gave any indication whatsoever of an admixture with rat cells. Both were positive in the two mice bearing good grafts, though the percentage admixture ascertained (. 5%) lies at the extreme limit of the resolving power of this technique. Rat protein was identified at 76 days in four "good" members of HET-14A, and at 61 days in two "poor" members which had given no evidence of chimerism. Trace quantities were identified in HET-13B at 154 days, but not in HET-13A. All the above results are summarized in Table 3 .
Role of antibody in xenograft rejection: The survival of rat skin grafts in tolerant mice in spite of prolonged exposure to low titres of cytotoxic antibodies tells Table 2 Table 2 Lymphocytotoxin titre expressed at 50% lysis level, hemolysin titre at endpoint. I HC = hydrocortisone acetate (100 Ag X 2 per week).
Discussion.-The existence of rat-mouse radiation chimeras'2 had already made it seem very likely that the rejection of rat skin by mice was a purely immunological phenomenon, in spite of other theoretical possibilities.2 The evidence given above confirms'the idea that the reaction against rat skin xenografts can be interpreted as an allograft reaction of special intensity. It is important however to reemphasize2 that the behavior of rat skin on mice cannot be taken to typify the behavior of other organs or of other donor-recipient combinations. Because of its comparative simplicity and lack of secretory products, skin may represent an immunologically "easy" xenograft, in spite of its notorious difficulty as an allograft. Reports of the use of kidney"' and liver 19 xenografts are nevertheless encouraging.
The possible complicity of humoral antibodies in the rejection of xenografts,20 even if their intervention is secondary, suggests that the best results might be achieved by a combination of antilymphocyte serum with a conventional immunosuppressive agent acting as a differential inhibitor of the humoral antibody response.
